Introduction
In recent years the effect of x-rays on the growth of seeds has been the subject of considerable investigation. Most of the work has been done with the Coolidge tube which, at the voltages commonly employed, produces chiefly hard, or short wave length x-rays, with only a small percentage of the energy of the radiation in the soft, or long wave length region of the x-ray spectrum. The injurious effect of large doses of any x-ray wave length seems established without contradiction, but the effect of small doses seems doubtful, producing sometimes stimulation as found by DOROSHENKO (4) , INGBER (7) , JoHNsoN (8) , NIKriIN (15) , SNYDER, (16) , SauuL and MITCHELL (17) ; and again injury and retardation as found by ANCEL (1), CATTELL (2), DELoNE (3), FRANcIs (5), GoonDsPE (6), JOHNSON (10), LALiEMAND (12), MAALHOTRA (13), MOORE and HASKINS (14) .
Greater stimulation was indicated when a filtered x-ray beam was used than when the x-rays were unfiltered in the work of NI1iN (15) , and SHULL and MITCHELL (17) . Filters, such as those used in the experiments, reduce the intensity of all wave lengths but diminish the soft part of the spectrum preferentially so that if stimulation is obtained it may be attributed to the short wave length part of the x-ray spectrum and injury to the long wave length part, or, stimulation to the low intensity and injury to the high intensity, regardless of the wave length (17) .
Since no experiments have been reported in which only soft x-rays were used to irradiate large numbers of dry seeds, it was thought desirable to carry out an experiment in which dry seeds were irradiated with only the soft part of the x-ray spectrum, and in which the effect of abnormal conditions upon the results was minimized by growing a large number of plants from irradiated and control seeds in permuted rows in the open field under natural soil and weather conditions.
Methods
Soy bean seeds were irradiated with soft x-rays produced by a copper target gas x-ray tube (11) operating at several different voltages ranging wave length was not less than 0.6 A when 20 peak kv. were used and 0.35 A when the voltage was 35 peak kv. See fig. 4 .
Since the soft x-rays are absorbed appreciably by a few centimeters of air it was necessary to place the seeds near the window of the x-ray tube if they were to receive the maximum dose of soft radiation. In tubes of the type used the window is made of thin aluminum and cellophane which, in this case, was not strong enough to span an opening larger than three quarters of an inch in diameter. It was therefore necessary to make a machine which would place about 6 beans, oriented at random, under the window for 5 seconds and then eject them into a hopper and repeat the process ( fig.  1 ). An exposure of 5 seconds was determined by preliminary experimentation as one which produced a proper minimum dosage. Larger doses were obtained by increasing the time of irradiation in steps of 5 seconds up to a maximum of 25 seconds. The time of irradiationc was made accurate by the use of a synchronous motor driving a spiral gear and cam to operate the mechanism.
Ii,"~~~v... The irradiated seeds were planted in trial plots. Each plot consisted of 36 rows, which were permuted in order that the variations in soil and moisture would tend to be averaged. Each row produced about 90 plants. The plants were harvested shortly after the first pods appeared ( fig. 2) trial and the average of the five trials are shown in figure 3 , in terms of percentage increase or decrease in wet weight of the irradiated beans compared with the wet weight of the control. The averages for the five trials were obtained by determining the arithmetical averages of all plants having the same period of irradiation.
Three additional trials were made using dry Wilson Black soy beans, following the same procedure as that used for the Manchu soy beans except that for one trial the seeds were irradiated at 25 peak kv., for another at 30 peak kv., and for a third at 35 peak kv.
When the voltage across an x-ray tube is increased the intensity of each wave length, and hence of the total beam, is increased approximately proportional to the square of the voltages applied; also, more of the harder radiation is included in the beam, as figure 4 
Discussion
Results varied considerably for the same dosage in the different trials. After the results had been obtained it was supposed that this might have been due in part to the random orientations of the beans when they were being irradiated. Experiments were then conducted on a smaller scale. The beans were placed with their embryo-sides toward the source of x-rays in one set, and in another set with their embryo-sides away from the source of x-rays, and therefore shielded from the x-ray beam by their cotyledons. Each set was given the same dose of x-rays, which was sufficient to cause injury but it was observed that the plants grown from the set whose embryo-sides had been placed toward the source of s-rays were injured in a greater degree than plants grown from the other set. This difference is probably due to the fact that the embryo is more easily injured by the x-rays than the cotyledon, and because soft x-rays are absorbed so greatly by the substance of the bean seeds that an embryo shielded by the cotyledon would receive a very -much smaller dose than another embryo exposed to Because of the large number of plants produced and the conditions under which they were grown the average results obtained seem to represent a true effect of the radiation and not chance variation. Statistical treatment of the
